Piwi-interacting RNAs (piRNAs) protect animal germ cells from transposons and other selfish genetic elements. Of the three types of animal small-silencing RNAs-smallinterfering RNAs (siRNAs), microRNAs (miRNAs), and piRNAs-piRNAs are the least well understood, because we lack good tools for studying how they are made and how they function. Brennecke et al have now established a method for triggering RNA interference (RNAi) solely in Drosophila follicle cells, a specialized somatic cell that abuts the developing oocyte and which expresses a simplified version of the piRNA pathway present in animal germ cells. Their initial results already suggest a revision for our model of the piRNA pathway, and promise to accelerate the study of this enigmatic small RNA class.
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Transposons and repetitive sequences compose nearly half the human genome and about a third of the genome of flies. Although some transposons are ancient relics that have lost the ability to jump to new locations, others remain active, poised to cause mischief. piRNAs (originally called rasiRNAs) protect animal germ cells from these genetic parasites by preventing transposons from producing the proteins required for them to transpose. Thus, piRNAs ensure the genomic integrity of eggs and sperm, protecting the germ cell DNA from the double-stranded breaks and insertional mutagenesis caused by active transposons.
piRNAs are one of three types of 'small-silencing RNAs' found in animals (Ghildiyal and Zamore, 2009 ). Small-silencing RNAs serve as guides for Argonaute proteins, specialized RNA-binding proteins that tightly bind the small RNA guide while allowing it to base pair with and dissociate from its regulatory target RNAs. The most well-studied small-silencing RNAs are siRNAs, which serve as guides for the RNAi pathway. Many readers of this journal routinely use siRNAs to reduce the expression of the genes they study. Most animals (but perhaps not mammals) produce siRNAs to defend against viruses and somatic transposons; many (including mammals) produce endogenous siRNAs to regulate genes. A second class of small-silencing RNAs, miRNAs, selectively reduce the stability and rate of translation of mRNAs with which they can partially base pair (Bartel, 2009) . Both siRNAs and miRNAs derive from longer, double-stranded RNA precursors that are diced into 21-23 nt double-stranded small RNAs. Not so for piRNAs.
piRNAs derive from long, single-stranded RNAs, nearly all of which are shockingly long and transcribed from genomic 'clusters'-transposon-rich regions of the genome thought to record the waves of transposon invasions survived by an animal and its evolutionary forebears (Vagin et al, 2006; Brennecke et al, 2007; Carmell et al, 2007; Houwing et al, 2007) . Some clusters are convergently transcribed on both genomic strands, whereas others are transcribed in just one direction. Although the first piRNAs were reported in 2001, we still do not understand how these long, single-stranded precursor transcripts are converted into small RNAs. What little we do know about piRNAs comes mainly from the combination of Drosophila genetics and high throughput (or 'deep') sequencing of piRNAs. These studies have produced a threepart model for piRNA biogenesis (Figure 1 ) (Brennecke et al, 2007) : piRNA precursor transcripts are fragmented and perhaps trimmed to yield primary piRNAs; primary piRNAs initiate an amplification loop (the 'ping-pong' cycle) that generates secondary piRNAs; and, finally, the resulting amplified piRNAs silence their regulatory targets, such as the mRNA transcripts of transposons, by guiding a specialized sub-class of Argonaute proteins. These specialized Argonaute proteins are called PIWI proteins, after the founding member of the sub-family, the Drosophila protein, P-element-Induced Wimpy Testes or Piwi (Lin and Spradling, 1997) .
Most details of our current model for piRNA production and function remain to be confirmed. Now Brennecke et al (Olivieri et al, 2010) find that even the details we thought we knew-such as which proteins act at which steps-are not quite right. These authors studied the piRNA pathway in Drosophila ovarian follicle cells, which use a variant piRNA pathway that is simpler than the three-step pathway found in germ cells (Li et al, 2009; Malone et al, 2009) . In flies, somatic follicle cells surround each developing oocyte and its associated 15 nurse cells, providing signals that help establish the anterior-posterior and dorsal-ventral axes of the oocyte, as well as laying down the protective egg shell that surrounds the egg. Although most transposons act in the germline, gypsy evades the germline piRNA pathway by producing virus-like particles within the follicle cells, then infecting the adjacent oocyte. Hence, the follicle cell piRNA pathway, which silences transposons such as gypsy, Tabor, and ZAM. Of the three Drosophila PIWI proteins, only Piwi itself has been detected in follicle cells. Piwi, unlike the two germline PIWI proteins, Aubergine and Argonaute3, resides mainly in the nucleus.
Brennecke et al used an extraordinary public resourcethe Vienna Drosophila RNAi collection of fly strains able to express double-stranded RNA in vivo to trigger RNAi against nearly every fly gene (Dietzl et al, 2007) -to reduce the expression of candidate genes specifically in the follicle cells. Their great insight was to use the traffic jam promoter-which they discovered was expressed solely in follicle cells-to produce the double-stranded RNA just in that one cell type. Beyond the specific results reported in their paper, Brennecke et al have set the stage for a whole genome RNAi screen to identify genes required for a variety of follicle cell functions, without disrupting those genes in the adjacent germ cells.
Using this follicle cell-specific RNAi strategy to study the piRNA pathway, the authors discovered that the putative helicase Armitage, the putative nuclease Zucchini, and the putative helicase/tudor domain protein Yb were all required to make or stabilize the piRNAs that guide Piwi to silence transposons such as gypsy in follicle cells. This is surprising, as previous genetic data suggested that Armitage acts only in the germline, leading to the view that the mechanism of piRNA production in the somatic follicle cells was fundamentally different from that in the oocyte and its nurse cells. (At least 10 other genes implicated in the germline piRNA pathway were not required to silence gypsy in follicle cells.) As Armitage acts early in the piRNA pathway-no piRNAs accumulate in an armitage mutant-and follicle cells possess only a primary piRNA pathway, Armitage may assist in the production of piRNA from cluster transcripts or in loading piRNAs into PIWI proteins.
Combining RNAi in follicle cells with immunofluorescent antibody detection of proteins, as well as co-immunoprecipitation experiments, the authors discovered that Armitage and Yb are both localized to cytoplasmic foci. Piwi may transit these foci en route to the nucleus, and without Armi or Yb, Piwi remains in the cytoplasm, rather than accumulating in the nucleus. Without Zucchini, Piwi accumulates on the cytoplasmic face of the nuclear envelope. Brennecke et al suggest that in the absence of piRNAs, which are lost in armitage, Yb, and zucchini mutants, Piwi is not licensed to enter the nucleus. Alternatively, Piwi may cycle between the nucleus and cytoplasm, accumulating in the nucleus only when piRNAs are available to tether it to nuclear regulatory targets, such as nascent transcripts not yet exported to the cytoplasm. Distinguishing between these ideas will no doubt be made easier by the new tools established by the Brennecke group.
